Case Report
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PRADER-WILLI SYNDROME ON GROWTH HORMONE TREATMENT
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ABSTRACT

Objective: Prader-Willi syndrome (PWS) is a rare
genetic neuroendocrine disorder characterized by hypo-
tonia, obesity, short stature, and mental retardation.
Incomplete or delayed pubertal development as well as
premature adrenarche are usually found in PWS, whereas
central precocious puberty is rarely seen.

Methods: This study reports the clinical, biochemical,
and histologic findings in 2 boys with PWS who developed
central precocious puberty.

Results: Both boys were started on growth hormone
therapy during the first years of life according to the PWS
indication. They had both bilateral cryptorchidism at birth
and had orchidopexy in early childhood. Retrospective
histologic analysis of testicular biopsies demonstrated
largely normal tissue architecture and germ cell matura-
tion, but severely decreased number of prespermatogonia
in one of the patients. Both boys had premature adrenarche
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around the age of 6. Precocious puberty was diagnosed in
both boys with enlargement of testicular volume (>3 mL),
signs of virilization and a pubertal response to a gonado-
tropin-releasing hormone (GnRH) test and they were both
treated with GnRH analog.

Conclusion: The cases described here displayed typi-
cal characteristics for PWS, a considerable heterogeneity
of the hypothalamic-pituitary function, as well as testicu-
lar histology. Central precocious puberty is extremely rare
in PWS boys, but growth hormone treatment may play a
role in the pubertal timing. (AACE Clinical Case Rep.
2019;5:e352-e356)

Abbreviations:

BA = bone age; CA = chronologic age; GH = growth
hormone; GnRH = gonadotropin-releasing hormone;
IHC = immunohistochemistry; PH = pubic hair; PWS
= Prader-Willi syndrome; SDS = standard deviation
score

INTRODUCTION

Prader-Willi syndrome (PWS) is a rare genetic disor-
der caused by the absence of paternal expression of several
imprinted genes located on chromosome 15 (15q11-q13)
most commonly due to deletion or uniparental disomy.

One of the major clinical findings in boys with PWS
is cryptorchidism, hypoplastic external genitalia, and
delayed pubertal development, suggesting a dysfunction of
the hypothalamic-pituitary-gonadal axis (1,2). Some chil-
dren with PWS experience premature adrenarche which is
not linked to obesity (3), but central precocious puberty is
extremely rare among boys with PWS (4-6). The concomi-
tant presence of dysfunction of the hypothalamic-pituitary-
gonadal axis with cryptorchidism and precocious puberty
in PWS patients is complex and difficult to explain.
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Growth hormone (GH) treatment is approved for chil-
dren with PWS and has been found to improve growth
and body composition. Both our cases were treated with
GH despite of normal GH secretion. GH therapy has been
proposed to accelerate the rate of sexual maturation during
puberty, but only a few studies have examined this, and the
results have been divergent (7).

METHODS

For this retrospective study, immunohistochemistry
(IHC) staining was performed to characterize the presence
and maturation of different testicular cell types. The follow-
ing markers were used: OCT3/4, AP2y, MAGE-A4 (to
assess stages of germ cell differentiation and to detect the
possible presence of germ cell neoplasia in situ [GCNIS]),
SOX9 (Sertoli cell marker), COUP-TFII (marker of peri-
tubular myoid and Leydig cells) and CYP11A1 (Leydig
cell marker). The IHC staining was performed using a
standard indirect immunoperoxidase method, according
to previously published protocols (8). Tissues from speci-
mens known to express the selected markers were used as
positive controls, while for negative controls the antibodies
were replaced by dilution buffer.

CASE REPORT

Informed consent was obtained from the patients’
legal guardians for publishing this report. The boys were
diagnosed with PWS early in life and both had a deletion
in the ql1-13 region of chromosome 15. Both boys had
bilateral cryptorchidism at birth, premature adrenarche,
and later developed central precocious puberty.

Patient 1

Patient 1 was born at term; birth weight was 3,115 g
(~1.3 standard deviation score [SDS]) and birth length was
50 cm (0.6 SDS). PWS was diagnosed during the first
months of life. The patient was started on GH therapy at
8 months of age; he had a normal response to a growth
hormone stimulation test.

At 6.9 years of age he developed pubic hair (PH)
stage 2 (PH2) without testicular enlargement (2 mL).
Measurements of 17-hydroxy progesterone were normal
(0.4nmol/L,-0.2 SDS),DHEAS was alittle elevated (3,812
nmol/L, 2.3 SDS) and androstenedione was normal (0.78
nmol/L, 0.9 SDS), which suggested premature adrenarche.
Bone age (BA) was 7.6 years at a chronologic age (CA) of
7.2 years, growth velocity was increased (7.1 cm/year, 1.3
SDS) and body mass index (BMI) SDS was 1.9. The serum
concentration of FSH was 1.6 U/L, and LH and testosterone
were undetectable (<0.05 U/L and <0.23 nmol/L, respec-
tively). The boy had further virilization (PH2, genital devel-
opment was G2), but testicular volume was unchanged (2
mL) and a gonadotropin-releasing hormone (GnRH) test

Puberty in Prader-Willi Patients, AACE Clinical Case Rep. 2019;5(No. 6) €353

showed a prepubertal response (peak LH 3.2 U/L and
FSH 4.0 U/L).

At 8.2 years of age an increase in FSH concentra-
tion to 5.2 U/L and in LH concentration to 1.1 U/L was
found. A GnRH test showed a pubertal response with
stimulated FSH and LH concentrations of 7.0 and 11.1
U/L, respectively. Testicular volume increased to 3 mL
and BA was advanced (BA 9.8 years at CA 8.5 years), and
there was increased growth velocity of 7.5 cm/year (2.4
SDS) (Fig. 1 A). Insulin-like growth factor 1 concentra-
tions were increased (253 ug/L, 2 SDS), androgen levels
were elevated (androstenedione 0.78 nmol/L, 0.9 SDS;
dehydroepiandrosterone sulfate [DHEAS] 3,812 nmol/L,
2.3 SDS) and testosterone was detectable (0.45 nmol/L,
2.5 SDS). Patient 1 was started on GnRH analog treatment
(leuprorelin 11.25 mg subcutaneously every 12 weeks).
The patient received treatment with GnRH analog until he
was 12.3 years of age, and he is now 12.8 years of age and
still prepubertal.

Testicular Morphology Patient 1

Patient 1 had bilateral cryptorchidism at birth and
required orchidopexy. The initial pathology evaluation of
the biopsies at 1.2 years showed largely normal prepuber-
tal testis structure with normal Sertoli and Leydig cells. A
normal number of germ cells were present, without signs
of malignancy. The THC largely confirmed the morpho-
logic findings. No OCT3/4- or AP2y-positive gonocytes or
premalignant GCNIS cells were detected. The germ cells
present at this age were prespermatogonia (MAGE-A4
positive) and there were no multinucleated germ cells. The
interstitial cells expressed COUP transcription factor 2
(COUP-TFII), while cytochrome P450 family 11 subfamily
A member 1 (CYP11A1) expression could not be detected
in Leydig cells, which is in accordance with observations
in prepubertal testes at this age (9) (Fig. 1 B).

Patient 2

Patient 2 was born at 34 + 1 weeks of gestation; birth
weight was 1,760 g (-2.6 SDS). PWS was diagnosed at 6
weeks. At 2 years the patient started GH therapy on PWS
indication; he had a normal response to a growth hormone
stimulation test.

At 6 years of age, pubic hair development (PH3) with-
out testicular enlargement (2 mL bilaterally) was detected.
BA was 6.9 years at CA of 6.1 years. Biochemistry showed
normal 17-hydroxy progesterone but elevated DHEAS.
An ACTH stimulation test was performed with a normal
response.

At 7.2 years, the boy had PH3 and testicular volume
had increased to 4 mL. A GnRH test showed a pubertal
response with stimulated FSH and LH concentrations of
3.0 U/L and 8.5 U/L, respectively. Testosterone was 1.25
nmol/L and inhibin B was 198 pg/mL. BMI (SDS) was 2.9.
GnRH analog treatment (leuprorelin 3.75 mg every 28
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Fig. 1. A, Growth chart for patient 1; height in the upper panel and weight in the lower panel. Age at start of growth hormone is marked by an arrow and
the time span of GnRH analog treatment is marked by a double arrow. B, Evaluation of morphology and testicular cell lineage markers in patient 1 (1.2
years of age at time of biopsy). Hematoxylin eosin (HE) staining and immunohistochemical (IHC) staining of OCT4 (marker of gonocytes), MAGE-A4
(marker of spermatogonia), SOX9 (marker of Sertoli cells), CYP11A1 (marker of Leydig cells), and COUP-TFII (marker of peritubular myoid and Leydig
cells). On all IHC images counterstaining is with Mayer’s hematoxylin, scale bar corresponds to 100 um. GH = growth hormone; GnRH = gonadotropin-

releasing hormone.

days) was started at 7.4 years of age and the patient was
treated until 11.5 years of age. After cessation of treatment
there was a normal progression in growth and puberty and
at 14 years of age he was fully virilized with testicular
volume of 10 mL (Fig. 2 A).

Testicular Morphology Patient 2

Patient 2 had bilateral congenital cryptorchidism and
required orchidopexy. The initial pathology evaluation of
the biopsies at 3.5 years of age showed a reduced tubule
diameter, but both Sertoli and Leydig cells appeared
normal. In the right biopsy, only a few germ cells were
detected, while no germ cells were observed in the left
biopsy. The additional THC analysis largely confirmed
the initial morphologic findings, although no germ cells
were detected (based on evaluation of OCT3/4, AP2y, and
MAGE-A4). In both biopsies, normal SOX9 expression in

Sertoli cells and COUP-TFII expression in interstitial cells
was observed, while no CYP11A1 expression in Leydig
cells was detected as expected at this age (Fig. 2 B).

DISCUSSION

We report 2 cases of boys with PWS who developed
central precocious puberty. Precocious puberty is rarely
seen in children with PWS, but cases have been reported
previously (4,6,10,11). More commonly delayed or incom-
plete puberty is seen due to the hypothalamic dysfunc-
tion and/or testicular dysfunction following cryptorchi-
dism (2,12) and progression of hypogonadism over time
has been described. Reproductive hormone production in
PWS males was found to be normal during infancy, but
most of the adults have a combined hypogonadism and are
infertile (1,12).
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Fig. 2. A, Growth chart for patient 2; height in the upper panel and weight in the lower panel. Age at start of growth hormone is marked by an arrow and
the time span of GnRH analog treatment is marked by a double arrow. B, Evaluation of morphology and testicular cell lineage markers in patient 2 (3.5
years of age at time of biopsy). Hematoxylin eosin (HE) staining and immunohistochemical (IHC) staining of OCT4 (marker of gonocytes), MAGE-A4
(marker of spermatogonia), SOX9 (marker of Sertoli cells), CYPI1A1 (marker of Leydig cells), and COUP-TFII (marker of peritubular myoid- and Leydig
cells). On all IHC images, counterstaining is with Mayer’s hematoxylin, scale bar corresponds to 100 um. GH = growth hormone; GnRH = gonadotropin-

releasing hormone.

Most boys with PWS have congenital bilateral crypt-
orchidism due to hypogonadotropic hypogonadism. This
may contribute to primary testis dysgenesis due to loss of
germ cells which may influence fertility later in life. Both
our cases had congenital bilateral cryptorchidism and the
testicular biopsies were re-evaluated. In one of the patients,
germ cell loss was found; this patient had a normal progres-
sion through puberty after cessation of therapy.

The testicular biopsies in our 2 PWS cases revealed
some heterogeneity, with largely normal histology in one
patient, but absence of germ cells in the left testis and only
few germ cells present in the right testis in the second
patient. This is in agreement with previous histologic find-
ings in PWS boys that ranged from normal morphology
to reduced numbers or complete absence of spermatogo-
nia (13,14). Reported histologic alterations in adult men
with PWS include diffuse tubular hyalinization, presence

of Sertoli-cell-only nodules and presence of vacuolized
Leydig cells (13). These findings suggest a progressive
testicular failure resulting in hypogonadism in almost all
adult PWS patients. However, it is not completely clear to
which extent this is due to cryptorchidism or the underly-
ing genetic defects. Testicular dysgenesis is associated with
an increased risk of germ cell neoplasia and some cases of
testicular neoplasia have been reported among adult PWS
patients (15-17).

Treatment with GH is approved for children with PWS
independently of GH secretion. Former studies suggested
that GH therapy in patients with normal GH secretion may
accelerate timing of puberty and the duration of the growth
spurt (7,18). The former case reports on precocious puberty
in children with PWS included some patients on GH treat-
ment (6), but not all of the reported cases were treated with
GH (4.5). There is a strong interaction between GH and sex



e356 Puberty in Prader-Willi Patients, AACE Clinical Case Rep. 2019;5(No. 6)

steroids and an appropriate secretion of growth hormone
is essential for sexual maturation (19). In animal models
injections of GH can induce a transcription factor involved
in the GH signaling pathway (pSTATS5) in several brain
nuclei involved in the regulation of the hypothalamic-pitu-
itary-gonadal axis (20). Thus, GH treatment in prepubertal
children may influence pubertal timing.

CONCLUSION

In conclusion, boys with PWS have a consider-
able heterogeneity of hypothalamic-pituitary function
as well as primary testicular dysfunction. However, here
we present 2 PWS boys with precocious puberty and it
may be suggested that GH treatment played a role in the
pubertal timing.
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